Abstract. We consider a one-dimensional electron system, suitable for the description of the electronic correlations in a metallic carbon nanotube. Renormalization group methods are used to study the low-energy behavior of the unscreened Coulomb interaction between currents of well-defined chirality. In the limit of a very large number n of subbands we find a strong renormalization of the Fermi velocity, reminiscent of a similar phenomenon in the graphite sheet. For small n or sufficiently low energy, the Luttinger liquid behavior takes over, with a strong wavefunction renormalization leading to a vanishing quasiparticle weight. Our approach is appropriate to study the crossover from two-dimensional to one-dimensional behavior in carbon nanotubes of large radius. The recent experimental availability of single-walled fullerene nanotubes has renewed the interest in the study of one-dimensional electron systems [1][2][3][4][5]. In one spatial dimension the Luttinger liquid concept replaces the Fermi liquid picture, and provides the paradigm of a system with strong electronic correlations [6][7][8][9]. The investigation of the generic electronic instabilities of metallic nanotubes has been accomplished in references [10,11]. There have been also recent attempts to look for signatures of Luttinger liquid behavior in single-walled nanotubes that are packed in the form of ropes [12]. Another interesting instance that seems to be feasible from the experimental point of view is that of nanotubes in the absence of external screening charges or, at least, with a screening length much larger than the typical transverse dimension. The phenomenology of these systems has been studied in references [13][14][15]. Anyhow, as long as the description of the Luttinger liquid behavior is usually made under the assumption of a short-range interaction, the carbon nanotubes with unscreened Coulomb interaction should deserve further theoretical analysis, devoted to ascertain possible deviations from the standard Luttinger liquid picture.
The recent experimental availability of single-walled fullerene nanotubes has renewed the interest in the study of one-dimensional electron systems [1] [2] [3] [4] [5] . In one spatial dimension the Luttinger liquid concept replaces the Fermi liquid picture, and provides the paradigm of a system with strong electronic correlations [6] [7] [8] [9] . The investigation of the generic electronic instabilities of metallic nanotubes has been accomplished in references [10, 11] . There have been also recent attempts to look for signatures of Luttinger liquid behavior in single-walled nanotubes that are packed in the form of ropes [12] . Another interesting instance that seems to be feasible from the experimental point of view is that of nanotubes in the absence of external screening charges or, at least, with a screening length much larger than the typical transverse dimension. The phenomenology of these systems has been studied in references [13] [14] [15] . Anyhow, as long as the description of the Luttinger liquid behavior is usually made under the assumption of a short-range interaction, the carbon nanotubes with unscreened Coulomb interaction should deserve further theoretical analysis, devoted to ascertain possible deviations from the standard Luttinger liquid picture.
In the particular case of the metallic carbon nanotubes [16] , the Coulomb interaction is also special in that the long-range potential does not lead to the hybridization between left-and right-moving electrons in the nanotube. a e-mail: bellucci@lnf.infn.it b e-mail: imtjg64@pinar2.csic.es At half-filling, the metallic nanotubes have two Fermi points, characterized respectively by the large momenta K F and −K F , with the typical band structure shown in Figure 1 . The underlying lattice is such that it allows to arrange the modes of the two linear branches at each Fermi point into a Dirac-like spinor, whose components 4 The European Physical Journal B stand for the respective amplitudes in the two sublattices of the honeycomb lattice [17] . The kinetic part of the Hamiltonian can be approximated as H kin = −ta δk x σ 1 , where a is the lattice spacing and t is the hopping parameter. This means that the right-movers have an amplitude Ψ (r) that alternates sign from one sublattice to the other, while the left-movers keep the same sign on both of them. When projecting the Coulomb interaction to the longitudinal dimension of the tube, one has to sum over the points of the two transversal rings of the tube C x and C x
It becomes clear that, for a distance x − x much greater than the lattice spacing, the matrix element is only nonvanishing when α and γ, as well as β and δ, have the same (left or right) chirality.
Thus, the relevant interaction in the study of the metallic carbon nanotubes turns out to be the long-range Coulomb interaction between currents of well-defined chirality. In this work we study the genuine effects due to the 1/|x| interaction in this kind of one-dimensional systems, focusing on the physics at each of the Fermi points. We disregard in this way backscattering processes and residual short-range interactions mixing chiralities, as they have a smaller nominal strength (∼ 0.1e 2 /n, in terms of the number n of subbands [13, 14] ) and they stay small down to extremely low energies (∼ t exp(−75) [14] ). Our present purpose is to discern the low-energy properties of the system and, in particular, whether the long-range interaction remains unscreened to arbitrarily large distances. The problem of the screening of the Coulomb interaction in one dimension has been analyzed in reference [18] . It has been shown there that, in the static limit, the Coulomb potential suffers only a weak logarithmic suppression at large distances. When studying a real system, this lack of efficient screening of the Coulomb interaction on isolated nanotubes is usually overcome by taking the actual length of the tubule as an infrared cutoff for the model. Anyhow, it is worthwhile to analyze to what extent the singular interaction may be renormalized in the infrared by means of a dynamical screening effect. This problem may be also relevant when studying the properties of nanotubes of large radius, since in those systems a crossover from two-dimensional to one-dimensional behavior is to be expected when taking the infrared limit. It is known that the Coulomb interaction is strongly renormalized on the graphite sheet [19] , what points again at the question about the nature of the screening effects in carbon nanotubes with large number of subbands.
In this article we use renormalization group (RG) methods to find the low-energy effective theory of the 1/|x| interaction. To be more precise, we pose the problem of a one-dimensional model with an interaction Hamiltonian
where Ψ L (x) and Ψ R (x) are the electron field operators for the left and the right branch of the linear dispersion relation, respectively. The RG method is a sensible approach to deal with this problem since the 1/|x| interaction potential (as well as the δ(x) potential) gives rise to a marginal four-fermion interaction. The scaling dimension of the electron field Ψ (x) is −1/2 , in length units. This means that the interaction Hamiltonian in (2) scales appropriately, with a dimensionless coupling constant e 2 (in units in which = c = 1), as the energy scale is reduced down to the Fermi level [20] .
However, the drawback in dealing with (2) is that it contains a highly nonlocal operator, which makes unclear the applicability of RG methods, usually devised to deal with a set of local operators. This problem can be circumvented by introducing a local auxiliary field to propagate the Coulomb interaction. The Hamiltonian can be written in the form
where the φ(x) field propagates the interaction
We may think of φ(x) as the scalar potential in threedimensional quantum electrodynamics. However, the differences with that theory in the present case are notorious since the propagation of φ(x) is that of a genuine field in three spatial dimensions, while the electrons are confined to one dimension. In general, one may expect a better infrared behavior in the present model. 
The usual one-dimensional propagator ∼ log(|q|/Λ) is recovered from (5) upon integration of the dummy variables q y and q z . We remark that the ultraviolet cutoff Λ for excitations along the y and z transverse directions is needed when projecting the three-dimensional interaction down to the one-dimensional system. The usefulness of the representation (5) can be appreciated in the renormalization of the model at the one-loop
